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Abstract. The arabinoxylans play and the xylanases play an important role breadmaking. For 
a better selection of xylanases, it is necessary to understand how they work in breadmaking. At the 
same activity, the xylanases have different effect on dough rheology. The xylanases activity measured 
through birch xylan hydrolysis it is not correlated with extensographic effects. Weak but better 
correlations were observed when the xylanase activity was measured as the ability to decrease the 
viscosity of soluble wheat arabinoxylans solution. 
 




Arabinoxylans (AX) are polysaccharides with a complex structure and their sources is 
cell wall. They represent the main nonstarch polysaccharides of wheat and wheat flours, 1.4 
to 2.1 (Izydorczyk et al, 1991). AX have complex structures which determine their different 
properties. One of the most important properties is their solubility / extractability, Delcour 
and Courtin (2002) classify the AX according to their extractability and the main important 
categories are water extractable arabinoxylans (WEAX) and water unextractable 
arabinoxylans (WUAX).  
Despite they represent only a minor fraction of flour weight AX play an important role 
in breadmaking. The most important properties of AX is the ability to bind large amount of 
water (Bushuk , 1966)(Autio, 2006) (Maeda and Morita, 2003) and to increase de viscosity of 
solution (Udy, 1956)(Autio, 2006)(Rybka, 1993)( Izydorczyk et al, 2001). Also they present 
surface activity (Izydorczyk et al, 1991) and are implicated in oxidative gelation due the small 
amount of ferulic aacid contained (Geissman and Neukom, 1973) (Carvajal-Millan et al, 
2005) (Ciacco  and D’Appolonia, 1982). Despite their very similar structure the AX have 
opposite impact on breadmaking according their solubility / extractability in water. WEAX 
have positive effect on bread (Redgwell et al, 2001) (Graybosch et al, 1993) (Hoseney, 1994), 
(Gan et al, 1995) (Jelaca and Hlynka, 1971) (McClearly et al, 1986). The WUAX have 
negative impact on bread properties (Gan et al, 1995), (Courtin et al, 1999), they stimulate the 
pore coalescence and reduce the gas retention in dough.  
The positive role of AX in human nutrition was demonstrated. The AX and especially 
the oligosaccharides obtain by hydrolysis of AX present prebiotic properties (Grootaert et al, 
2007) (Crittenden et al, 2002) (Madhukumar and Muralikrishna , 2010). Because of 
nutritional benefits of fibres it is recommended to consume whole or black bread with a larger 
content of AX than white bread. The consumer are reticent about these breads because their 
poor consuming quality. The higher amount of WUAX from whole and black wheat flours 
lead to poor quality of breads so it is necessary to convert the WUAX with bad effect in 
WEAX with a good effect on bread quality. This conversion it is possible by enzymatic 
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hydrolysis with xylanases. On market are available a large number of xylanases and many 
others are investigated for their suitability in breadmaking. The effect of xylanases was 
investigated by numerous researchers (Goesaert et al, 2006)( Martinez-Anaya and Jimeney, 
1997a,b). It is necessary to make further research on AX and xylanase, as in the case of starch 
and amylases (Mironescu, 2011; Mironescu et all, 2011), fully understand the potential of AX 
and xylanases in food technology. 
It is difficult to select the best xylanase for particular flour and the aim of this study is 
to compare several commercial enzymes largely used in breadmaking especially for their 
potential in breadmaking of breads prepared from high extraction flour (black flour). In 
previous works we study (Ognean et al 2011a,b), the rheological and technological effects of 
few xylanases in relation with their effects on viscosity and WUAX solubilisation but it is 
necessary to find if it is possible to correlate the rheological effect with xylanase activity.   
 
MATERIALS AND METHODS 
 
 For experiments were used seven commercial xylanases designated for breadmaking 
and flour improvements, produced and/or commercialized by Biocatalysts (DepolTM 333P and 
DepolTM 453P), Muhlenchemie (ALPHAMALT HCE, ALPHAMALT HCJ and 
ALPHAMALT TCC) and Novozymes (Pentopan Plus BG and Pentopan 500 BG). The 
unimproved black flour was provided by Cibin Mill from Sibiu. The birch xylan was provided 
from Sigma and wheat medium viscosity soluble arabinoxylan from Megazyme. All other 
reagent were at least analytical grade. 
 The activity of xylanases were measured according to assay described by Baily and 
Poulanen (1989) at pH 5.5 and 50oC and viscometric method described by Megazyme at pH 
5.5 and 30oC. The activity of enzymes are presented in table no. 1. All experiments were 
made at least in duplicate. 
Tab. 1.  
 
























BXU/100 kg of 
flour 
Depol 453P 60789 1807 17.4 14 851046 
Depol 333P 301439 6137 3.5 0.85 256223 
Pentopan Plus BG 66936 3123 15.8 6.5 435084 
Pentopan 500 BG 176837 4338 6 11 1945207 
Alphamalt HCE 188087 565 5.6 5.5 1034479 
Alphamalt TTC 3912 125 270,1 8 31296 
Alphamalt HCJ 259638 710 4.1 7 1817466 
aBXU – Birch Xylan Units 
bIRV – Inverse Reciprocal Viscosity, Megazyme viscometric method 
 
The extensographic measurements were done according to method ICC no. 114/1. The 
extensographic experiments were made in two series. In the first series the xylanases were 
added to reach the same activity in all doughs 1056584 BXU / 100 kg flour. In the second 
series of experiment the xylanases were added to reach the average dosage, according to 
manufacturer. The dosage and activity of xylanases are presented in table 1. 
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RESULTS AND DISCUSSION 
 
The results of extensographic measurements of doughs with xylanases added to reach 
the same activity (1056584 BXU / 100 kg flour) are presented in table no. 2. 
Tab. 2 








































































Energy, cm2 52 45 42 48 45 48 51 49 
R5, U.B. 216 158 145 165 172 175 180 175 
Extensibility, mm 151 167 166 169 157 163 171 172 
Rmax, U.B. 229 185 168 189 190 194 199 200 







1.5 1.1 1 1.1 1.2 1.2 1.2 1.3 
Energy, cm2 47 35 42 39 42 41 45 45 
R5, U.B. 186 132 134 141 156 156 159 165 
Extensibility, mm 158 156 181 163 160 161 168 155 
Rmax, U.B. 200 156 158 160 173 170 180 180 







1.3 1 0.9 1 1 1.1 1.1 1.2 
Energy, cm2 41 36 34 35 37 37 40 41 
R5, U.B. 170 144 117 126 140 135 152 136 
Extensibility, mm 150 153 167 167 144 145 163 172 
Rmax, U.B. 181 164 134 140 153 150 168 160 








1.2 1.1 0.8 0.8 1 1.1 1 0.9 
 
The effects of xylanases were different despite the dosage was calculated to reach the 
same activity of xylanases. All xylanases have the same pattern of action: they reduce the 
dough energy and increase the extensibility of dough. As the result of this, also the ratio 
between dough resistance and extensibility decreased. The preparation Depol 333P and Depol 
453P had very similar behavior. The extensibility of dough was highly increased while the 
resistance fad the smallest decrease and, as result, the energy of dough decreased very little. 
The highest reduction of energy was observed when Pentopan Plus BG was used because a 
significant reduction of resistance while the extensibility was very close to control. The 
differences between control dough and doughs with xylanases were reduced At 90 and 135 
minutes. 
In table no. 3 it is presented the extensographic characteristics of doughs prepared with 
xylanases added at average dosage recommended by the manufacturer. The energy, maximum 
resistance and resistance at constant extension decrease for all doughs prepared with 
xylanases, the smallest variance was for dough energy. When the xylanase activity was high 
the variance was higher. The variances of dough extensibility were positive, the dough 
extensibility increased when xylanase was added, and higher variance for higher dose. 
All xylanases were added in this experiment in the range recommended by 
manufacturer and we expect these enzymes work as they were projected. The effects vary 
from xylanase to xylanase. The most close to control behavior had the doughs prepared with 
Depol 453P, Alphamalt HCE and Alphamalt HCJ. At these doses the xylanase reduced a bit 
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the resistance of doughs and increased the extensibility. The worst effects were observed 
when was used xylanase Pentopan 500 BG which strongly decrease the resistance and a small 
increase of extensibility was observed, the dough energy decreased drastically.  
Tab. 3 
The extensographic characteristics of doughs with xylanases, second series of experiments, with xylanases added 








































































Energy, cm2 52 47 47 43 50 51 47 50 
R5, U.B. 216 180 165 152 180 176 182 170 
Extensibility, mm 151 155 166 165 164 170 154 171 
Rmax, U.B. 229 197 190 174 204 199 201 193 







1,5 1,3 1,1 1,1 1,2 1,2 1,3 1,1 
Energy, cm2 47 42 40 38 39 42 45 44 
R5, U.B. 186 175 144 142 148 159 174 149 
Extensibility, mm 158 148 164 162 157 160 160 173 
Rmax, U.B. 200 190 164 158 167 176 188 170 







1,3 1,3 1 1 1,1 1,1 1,2 1 
Energy, cm2 41 35 33 32 33 39 42 41 
R5, U.B. 170 146 121 110 130 140 167 141 
Extensibility, mm 150 148 163 174 155 152 155 169 
Rmax, U.B. 181 158 136 124 146 155 181 160 








1,2 1,1 0,8 0,7 0,9 1,1 1,2 0,9 
 
We analyzed the results to find if any correlation could be established between the 
xylanase activities expressed in BXU and the extensographic effects of xylanases. We 
observed no correlation between data, as we expected. 
We observed some correlation when the activities of xylanases were expressed in IRV 
and correlated with the dose (Fig 1a). The xylanase activity was correlated with the resistance 
at constant extension (R5), R2=0.7122, and even a weaker correlation was observed with 
maximum resistance (Rmax), R2=0.5943. We observed no correlation of xylanases activity 
expressed in IRV/100 kg of flour and dough energy or extensibility. Because of the 
correlation with maximum resistance and resistances to constant extension, weaker linear 
correlations were observed with the ration between the dough resistances and extension. The 
correlations improved when the results were sorted in two series (fig.1b). The better results 
could be explain by that the dosages used in the second series of experiment were in the range 


























Fig. 1. The variation of extensographic parameters with xylanases activities expressed in IRV units 
a the data from first and second series of experiments 
b the average dosage of xylanases 
 
Only the variations of dough resistances were correlated with xylanases activity at 45 
minutes. At 90 and 135 minutes, we observed similar behavior but the linear correlations of 
resistances with xylanases activity were weaker but was improved the correlation of 
extensibility. The R-squared for linear correlation of extensibility reach 0.9108 at 135 
minutes. That is explained by the fact the resistances did not vary so much at 90 and 135 




The results presented above suggest that the xylanases work different, and have 
different specificity for reaction and substrate, depending on their source. Even if the 
xylanases are added at the same dose, the results are different.  
Another hypothesis is that the method used to measure the xylanase activity from 
preparation is not appropriate because the substrate (birch xylan) has different properties than 
wheat xylan or the hydrolysis of WU-AX is not representative for black flour. Black flour 
contain a larger amount of WU-AX than white flour normally used for breadmaking and the 
hydrolysis of WE-AX is more important for technological point of view because WE-AX 
stabilize and seal the gas cell during proving and baking. This hypothesis is supported by the 
correlation between xylanase activity expressed by IRV/100 kg of flour and the rheological 
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